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LONG-TERM GOAL

This progct investigates the application of fully polarimetric passive remote sensing techniques
to the detection of oceamr$ace wind direction usingraborne or space-borne radietars. The

goals are:

1. Develop and validate a model the prediction of wind genated oceanwsface polarimetric
brightness temperature as a function of wind speed and direction; and

2. Use this model for the investigation of wind speed anectlon retrieval techniquefsom
passive polarimetric datander a variety of sea sade onditions.

SCIENTIFIC O BJECTIVES

The primary scientific objective of thgroject is to extend wrent knowledge of polarimetric
passive remote sensing and to assess the response of polarimetric quantities to various
environmental paraeters. For application to passive remote sensing of the ocean, specific
objectives are:

1. Develop models for thaccurate prediction of polarimetric thermal emisdim@m randomly
rough surfices.Assess the rgense of polarimetric quantities to wind speedgedion,
temperature, salinity and other ocephysical properties, as well as observing sensor
parameters;

2. Study atmospheric eftts on measured polarimetric brightnesses, and to determine if
atmospheric effectignit the applicability of polarimetritechniques; and

3. Study high wind condition edicts, including breaking waves and foams, on measured
polarimetric brightnesses and to determine if high wioddiionslimit the applicability of
polarimetric techniques.

APPROACH

The principal goal of this preg¢t is to obtain a bettamnderstanding of how the third Stokes
brightness parameter, U, is related to ocean wind dwreclihis brightness parameter, which is
not measured in conventional passive remote sensingetastly been shown to y@snd to the
azimuthal anisotropy of the observed medium and thus should give informaticcean wind
direction. The calculation of the polarimetric brightness temperature ot#enaequires the use

of rough suréce scattering tloey and a stistical model of the ocean surface. Oppm@aches
include the use of analytic rough sacé scattering theories, such as composite surface scattering
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model, and numerical methods, such as the method of moments. Monte Carlo simulations based
on exact numerical medds are used for randomly rough sgds to insure accurate calculation
of the polarimetric brightness temperature.

Experimental verification obur models is an important part of the process. The growing interest

in polarimetric passive remote sensing of the ocean has resulted in a number of ongoing and
future experiments in which we plan to participate and comparemodel results with the
experimental results. The use of polarimetric passive techniquesdan eemote sensifigpm a

realistic satellite borne radigter wil be studied. Atmospheric eftts on the measurements will

be investigated using radiative transferaitye and other potential eftts, such as breaking
waves and foams under high wind conditionsl] also be studied. a variety of retrieval
techniques for wind speed and adition from polarimetric passive ada wil be examined to
determine the most advantageous sensofiguration and retrieval method.

WORK COMPLETED

The results of this pregt to date are Yerable for the appiiation of polarimetric techniques in

future air- or space-borne passive sensors. Theories and experiments involving one dimensional
periodic surfaces have demonstrated that Waweds to sudce azimuthal anisapy. These

results indicate that use of U can enhance retrieval techniguephysical properties of
azimuthally asymmetric media.

Models for prediction of polarimetric brightness temperatures of one and two dimensional
periodic surfaces have been developed and applied in theoretical stuojesti®s of U for one
dimensional surfaces have been examinewugh both theory and experiments. Figure 1
illustrates the X band U netn from a periodic water surface as &unction of azimuthal
observation angle at a polar angle of 20 degrees. A comprehensive paper describing this theory
and experiment won the 1993 best paper award fromBBE IGeoscience and Remote Sensing
Society (Johnson, et al.,, 1993). A study of two dimensional periodic pyramidal surface
polarimetric thermal emission has indicated thafperties of U observed in the one dimensional
surfacecase remaimslar for two dimensional suafces. Furthermore, ausly of the response of

U to the level of medium anisotropy was performed, and it was found that the U brightness
temperature saturates relatively quickly as azimuthal aopincreases.

Models for prediction of polarimetric brightness temperatures of one and two dimensional
randomly rough sugices have been developed and applied in Monte Carlo simulations of ocean-
like surfaces. Sensitivities of polarimetric brightnesses to various quegerties have been
investigated. Monte Carlo simulations of one dimensional randomly roughcearfhave
demonstrated that U again pesds to surface azimuthal anisgty, and that U is insensitive to

the polar angle of observation and to the permittivity of ocean-like surfaces at Ku band.
However, the magnitude of the U return fronean-like surfaces was observed to be small (less
than 5 K). Thus, although U has desirable properties for airamegprne passiveaean remote
sensing, sensitive radiometers must be employed to insure accurate measurements. This same
Monte Carlo model has been validatatbugh comparison with l@tic scattering measurements

of fabricated veryrough two dimensional Gaussian swés as shown in Figure 2. This
comparison demonstrates that the modetently being applied for prediction of realisticean
surface polarimetric brightnessdwsld giveaccurate results.
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A model for the prediction of polarimetric brightness temperatures of foam or satelyep
covered ocean surfaagnder high wind conditions has been developed. The foam cover is
modeled as a layer of randomly distributed spherical wdrgplets overlying the wind-driven
ocean surface. The ocean surface is characterized by an empirical power spectrum density.
Radiative transfer theory is applied to cadtal the fully polarimetric brightness temperatures.
The small perturbation method is used to compute ¢hdesingfrom rough @ean surface. The
effect of oupled volume and swate interaction on the polarimetric thermal emissisom

foam covered ocean surface is taken intooant Theoreticl predictions of this model are
compared with the empirical expressions for the foam layer emissivity and the WINDRAD
experimental datédrom JPL. A good agreement has been achieved as shown in Figure 3. The
results indicate the iportant contribution of the volume scattering of foam layer to the
brightness temperatures Tv and Th, and the effects of wpsotcean surface on the third
Stokes parameter U.

IMPACT/APPLICATION

The positive results of this pegjt to date are expected to genefatther interest in polarimetric
techniques for passive remote sensing and to lead to the development of future polarimetric
passive systems for Earth remote sensing. Aafin of polarimetric techniques in passive
remote sensing of the ocean has shown potdatiaioreaccurate spaelkorne measurements of
global wind vectors in the future. In addition, the audg scattering models developed in this
project can also be applied in other studiesafh surfce scattering, including studies of active
remote sensing of the ocean, and should provide asryrate predictions by which the validity

of other approxirate mehods can be assessed. A&tter understanding of rough surface
scattering phenomenologiauld result, as well as the potential development of future extended
analytical theories.

TRANSITIONS

The progct is arrently in a gate of transitiorirom early research, which focused on using simple
models to assess general properties of polarimetric je&easnto current research which focuses

on more realistic models for the specific case adam passive remote sensing. Inclusion of an
ocean spectrum modiebm the literature, as well as theedts of breaking waves and foams, are
currently under investigation to eate a very accurate simulation of the oceanrenmient.
Transitions beyond this phase involve an assessment of specific sensor systems and retrieval
techniques for obtaining maximum iliy from polarimetric measurements. In addition,
comparisons with measurements will be made oanotisly as more experimentadtd becomes
available.

RELATED PROJECTS

The results of this pregt can be applied in any othgrograms which involve passive remote
sensing of the ocean. Since quantities used in conventional passive remote sensing are also
measured in polarimetric passive remote sensing, the models developed indbeganjalso be

used to assess the performance of conventional passive sensor systems. Also, as mentioned
previously, the surface scattering models developed inptfufect can be applied in other
programs which involvactive remote sensing of the ocean.
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Figures 1 and 2. Brightness of a Periodic Water Surface and HH 20 degree Incidence Angle,
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Figure 3. Brightness Temperatures of Wind-driven Ocean Surface in the Function of Azimuthal
Angle.
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The nadir looking angle i80°. The physical temperature ofean water i20°C and the
salinity is 3.5%. The wind speed i$2(m/ s), and the azimuth angle is defined to be zero

in the direction of wind speed. The solid line indicates the WINDRAD experimental data.
The cross "+", illusttes the simulation results by solving RT equation with rough
surface. The dot line ".." indicates the simulation result only considering the rough surface
using SPM. The dashed line "--" is the results by adding an empirical foam contribution
on the dot line.



